Structural differences between human leukocyte virus-induced interferon and human fibroblast polyinosinic-polycytidylic acid (rIn rCn)-induced interferon have been noted in previous studies. This study reports the behavior of human leukocyte and fibroblast interferon, induced by virus and by rIn rCn, in several lectin and hydrophobic chromatographic systems. Differences in both glycosylation and in hydrophobicity of human leukocyte and fibroblast interferons are documented. Human fibroblast interferon is a glycoprotein, whereas our evidence suggests that human leukocyte interferon probably is not. Also, fibroblast interferon is more hydrophobic than leukocyte interferon, as probed on several hydrophobic adsorbents. The possible relationships of these differences to each other and to antigenic variations are discussed. Generally, the differences appear to be attributable to the cell type in which the interferon was induced. However, our results suggest that at least subtle differences in the processing of the induction signal (virus or rIn .rCn) within the same cell type may occur, slightly altering some structural features.
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Studies from several laboratories have established that human fibroblast and human leukocyte interferon are antigenically distinct (1, 7).
For example, antibodies raised against fibroblast interferon fail to neutralize leukocyte interferon; antibodies raised against leukocyte interferon preparations cross-react partially with fibroblast interferon. It has been suggested, however, that the cross-reactivity may be due to the presence of fibroblast-type ("F"-type) interferon in leukocyte interferon preparations (7) .
There are two immediately recognizable sources of diverse antigenic behavior of both interferons, namely, different primary structure of the interferon polypeptides and diverse posttranslational modification (glycosylation) or a combination of both.
The identity or nonidentity of the primary structure of fibroblast and leukocyte interferons is still a matter of speculation. Any comparison in this respect remains critically limited by the modest extent of their purification, and thus, at present, their primary structures can be probed only indirectly. The hydrophobicity of a protein ' On leave of absence from the Institute of Biochemistry and Biophysics, Polish Academy of Sciences, Warsaw, Poland. molecule may constitute one such probe: the availability of side chains of amino acid residues on the protein surface must be a reflection of its primary structure. It has been observed that many proteins have hydrophobic amino acid side chains partially protruding or completely exposed to the solvent (12) . In the case of human fibroblast interferon, its hydrophobic interactions with high-molecular-weight ligands (serum albumin, concanavalin A) and lowmolecular-weight ligands (hydrocarbons) have been reported by us previously (3, 4, 10) . Leukocyte interferon did not display, however, any hydrophobic interaction with immobilized concanavalin A (M. W. Davey, E. Sulkowski, and W. A. Carter, submitted for publication). Therefore, it was of considerable interest to compare the chromatographic behavior of fibroblast and leukocyte interferons in several systems that depend on hydrophobic interactions for their sorptive properties.
The differential behavior of fibroblast and leukocyte interferons in hydrophobic interactions may reflect their intrinsic hydrophobicity if the glycosylation does not grossly affect its tertiary structure. Alternatively, it may reflect only an apparent hydrophobicity if the tertiary structure is significantly influenced by the gly-cosylation. At any rate, the evaluation of hydrophobic interactions of interferons is of considerable interest as long as they are significantly diverse.
Recently it has been reported that human fibroblast interferon binds to concanavalin Aagarose and can be displaced with a specific monosaccharide (3). Furthermore, it has been found that D-glucosamine suppresses the production of biologically active fibroblast interferon by interfering with its glycosylation (9) . Both these observations point to post-translational modification of human fibroblast interferon. Moreover, attempts to establish the presence df carbohydrates on leukocyte interferon by enzymatic and chemical means were unsuccessful (14) . Clearly, further characterization of both interferons, especially by employment of specific lectins, remains of considerable interest.
In this report, the interferons have been applied and their binding studied on agarose substituted with high-and low-molecularweight hydrophobic ligands. Furthermore, we characterize the behavior of human fibroblast and leukocyte interferons on several immobilized lectins of established specificity. We have also studied the possible correlation between the molecular nature of the inducer and structural features of the product. Our findings indicate a difference in glycosylation of fibroblast and leukocyte interferons as well as their disparate chromatographic behavior on hydrophobic adsorbents. In addition, our results suggest that there must be a least subtle differences in processing of the induction signal (polyinosinic-polycytidylic acid [ (5) , in which leukocytes are exposed to rIl rCQ complexed with DEAE-dextran for a 10-min period, washed, and incubated at 37 C for 18 to 24 h, and the supernatants are harvested. Since relatively low interferon titers were usually obtained, the preparations were concentrated 10-fold by overnight dialysis against Ficoll (Pharmacia Fine Chemicals).
Human leukocyte virus-induced interferon was prepared by treating leukocytes with NDV at a multiplicity of infection of 5 to 10 PFU/cell for 24 h (13) . The pH of supernatant fluids was adjusted to 2 with HCl and re-adjusted to 7 with NaOH after 2 h.
Human fibroblast rIn-rCn-induced interferon was prepared according to the method of Havell and Vilcek (8) .
Human fibroblast virus-induced interferon was prepared by infecting fibroblasts with NDV at a multiplicity of infection of 5 to 10 for 24 h. Supernatant fluids were adjusted to pH 2 with hydrochloric acid for 2 h and then re-adjusted to pH 7 with NaOH.
Fibroblast interferon and leukocyte (virus-induced) interferon were dialyzed against phosphate-buffered saline (0.02 M sodium phosphate, pH 7.4, 0.15 M NaCl) for 16 h at 4 C. Leukocyte rIn rCn-induced interferon was dialyzed against phosphate-buffered saline for only 4 h to avoid the substantial loss of activity that we usually experienced upon prolonged dialysis. Prior to chromatography on immobilized horseshoe crab lectin, the interferon preparations were dialyzed for an additional 4-h period against 0.005 M Na HPO,, pH 6.8, also containing 0.005 M CaCl2, 0.15 M NaCl.
Hydrophobic chromatography. Bovine serum albumin was immobilized on cyanogen bromideactivated agarose as described previously (10) . CHSepharose 4B (w-carboxypentyl-agarose), AHSepharose 4B (w-aminohexyl-agarose) and concanavalin A Sepharose (concanavalin A-agarose) were purchased from Pharmacia Fine Chemicals.
Lectin chromatography. Bandeiraea simplicifolia-agarose was kindly supplied by I. J. Goldstein; soybean, wheatgerm, and Lotus lectins were obtained from Miles Laboratories; hemolymph of the horseshoe crab (Limulus polyphemus) was obtained from the Rutgers Serological Museum and used for purification of the hemagglutinin (lectin).
An approximately 200-fold purification was achieved by a modification of the method described by Oppenheim et al. (15) in which bovine submaxillary mucin-agarose was used. Hemagglutinin activity of fractions from bovine submaxillary mucin-agarose was tested by the method of Kabat and Mayer (11) . Fractions containing this activity were pooled and concentrated 10 
RESULTS
Binding properties of human fibroblast and leukocyte interferons are summarized in Table  1 . Two types of interferons were studied: those induced by rIn rCn and those induced by virus (NDV). As a result, four preparations of human interferon were investigated, namely, human fibroblast interferon, induced by rIn rCn and NDV, and human leukocyte interferon, induced by rIn rCn and NDV. The chromatographic behavior of all these interferons was studied on an immobilized high-molecular-weight hydrophobic ligand (bovine serum albumin-agarose) and two low-molecular-weight hydrophobic ligands (CH-Sepharose 4B and AH-Sepharose 4B).
Human fibroblast rIn rCn-or NDV-induced interferon binds to bovine serum albuminagarose in agreement with preliminary observations reported previously (10) . Human fibroblast rIn rCn-induced interferon also binds to CH-Sepharose (4). We now extend this observation to human fibroblast interferon induced by NDV. In contrast to fibroblast interferon, human leukocyte interferon induced either by rIn rCn or NDV does not bind to bovine serum albumin-agarose and CH-Sepharose 4B.
All interferons tested were bound, although to varied extents, and could be eluted from AHSepharose 4B. Furthermore, human fibroblast interferon, induced by NDV, was found to bind stronger than any other and required ethylene glycol in the solvent to be displaced from the column. Typical elution profiles are shown in Fig. 1 and 2 .
The complete binding and elution of human fibroblast rIn rCn-induced interferon from CHSepharose 4B is shown in Fig. 1A . There was complete retention of interferon activity and subsequent displacement with solvent containing 50% (vol/vol) ethylene glycol (E8). However, human leukocyte interferon, NDV induced, was not retained at all (Fig. 1B) . Similar elution profiles were obtained for human fibroblast NDV-induced interferon and human leukocyte rIn rCn-induced interferon, respectively, and these results are recorded in Table 1 . Figure 2A illustrates 12 ,000 Uof interferon activity, was applied on a 0.9-by 20-cm column, which was equilibrated with phosphate-buffered saline at room temperature. The breakthrough fraction contained 100% of the applied protein (within experimental error) and no interferon activity. Elution with 0.02 M sodium phosphate, pH 7.4, containing 1 M NaCI and 50% (vol/vol) ethylene glycol (Ed) resulted in the recovery of 11,500 U of interferon activity (96%o of that applied). (B) Leukocyte interferon was dialyzed against 0.02 M sodium phosphate, pH 7.4 (E.), for 16 h at 4 C. An 8-ml sample, containing 4,800 U of interferon activity, was applied on a 0.9-by 20-cm column, which was equilibrated with 0.02 M sodium phosphate, pH 7.4, at room temperature. The breakthrough fraction contained 97% of the applied protein and 83% of the applied interferon. Elution with 0.02 M sodium phosphate, pH 7.4, 0.15 M NaCI (E1), 0.02 M sodium phosphate, pH 7.4, 1 M NaCI (E2), and E, did not result in the elution of additional interferon activity.
calcium chloride (0.005 M) and sodium chloride (0.15 M); the column was washed with the same solvent, and then the concentration of sodium chloride was increased to 1 M. This did not result in displacement of interferon activity, thus indicating that the binding was not electrostatic in nature. Further elution with the solvent containing 50% (vol/vol) ethylene glycol resulted in recovery of 73% of the applied sample (6,000 U). Apparently, the major portion of activity could be recovered in the absence of specific monosaccharide. This may indicate that binding of interferon to immobilized horseshoe crab lectin is mediated in a significant way by hydrophobic interactions which can be suppressed by the addition of hydrophobic solute. The alternative interpretation is, however, equally plausible: namely, the inclusion of a hydrophobic solute results in a decreased affinity for the sugar moiety and thus in desorption of interferon. Therefore, to establish the contribution of carbohydrate recognition in binding of fibroblast interferon to immobilized horseshoe crab lectin, the concentration of ethylene glycol was decreased 10-fold to 5%, and the column was then developed with 0.1 M N-acetyl-neuraminic acid in the presence of 5% ethylene glycol alone; this resulted in displacement of some (about 6%) activity. 16 h at 4 C. A 1-ml sample containing 12,000 Uof interferon activity was applied on a 0.9-by 20-cm column, which was equilibrated with phosphate-buffered saline at room temperature. The breakthrough fraction contained 100% of the applied protein and 72% of the applied interferon. The remaining activity was eluted with 0.02 M sodium phosphate, pH 7.4, containing 1 M NaCI (E1). (B) Leukocyte interferon was dialyzed against phosphate-buffered saline (E0) for 16 h at 4 C. A 2.5-ml sample containing 2,750 U of interferon activity was applied on a 0.9-by 15-cm column, which was equilibrated with phosphatebuffered saline at room temperature. The breakthrough fraction contained one-half of the recovered interferon activity (73% recovered) and 81% of the protein. The remaining activity was eluted with 0.02 M sodium phosphate, pH 7.4, 1 M NaCI (E1). No activity was eluted with E2. acid in 5% ethylene glycol gave, however, a 10-fold increase in recovered activity. When N-acetyl neuraminic acid was substituted by 0.1 M D-glucose, no increase in eluted interferon was observed. Collectively, these observations indicate that sugar recognition does indeed contribute to the binding of human fibroblast interferon to horseshoe crab lectin. Thus, it seems that the binding is due in part to the presence of sialic acid on human fibroblast interferon.
Human interferons were also applied to several additional immobilized lectins, and their binding and elution were studied. For example, Additional findings of this report concern the relationship between the nature of the cell type, the inducer, and the induction product. It seems justified by the data presented to conclude that the cell type is of paramount importance in determining the structure of the interferon molecule. The nature of the inducer, be it virus or rI,, *rCn, is of minor significance, if any. The only observations pertinent in this respect are the somewhat stronger binding of human fibroblast NDV-induced interferon to AHSepharose than the binding of human fibroblast rIn rCn-induced interferon to the same adsorbent. Additionally, the stronger interaction of human fibroblast NDV-induced interferon to Lotus lectin-agarose than the interaction of human fibroblast rIn-rC,,-induced interferon to this lectin is a second example. As the difference in chromatographic behavior is rather quantitative than qualitative, any conclusion, more than tentative, depends on further detailed study.
However, the major conclusion about the more hydrophobic nature of human fibroblast interferon vis a vis human leukocyte interferon is immediately well warranted. Thus, fibroblast interferon binds to bovine serum albuminagarose and CH-Sepharose 4B, whereas leukocyte interferon does not. The binding to AHSepharose 4B, although occurring for both fibroblast and leukocyte interferons, is again stronger for fibroblast NDV-induced interferon.
The other major conclusion of this report, namely, the gross difference in glycosylation of human fibroblast and leukocyte interferon molecules, seems to be well supported by the data summarized in Table 2 . However, the lack of binding of human fibroblast interferon to the Bandeiraea lectin should not be interpreted as VOL. 16, 1975 on October 26, 2017 by guest http://jvi.asm.org/ Downloaded from evidence for the complete absence of D-galactose on interferon molecules. D-Galactose residues may be, for example, penultimate to sialic acid or L-fucose residues and thus not accessible for immediate interaction with the lectin, as occurs with mouse interferon (unpublished data). The same argument can be extended to interpret the behavior of human fibroblast interferon on, for example, wheatgerm lectin.
The lack of binding of human leukocyte interferon to lectins recognizing terminal sugar residues (horseshoe crab, Lotus, Bandeiraea) as well as internal (wheatgerm, soybean, concanavalin A) residues strongly suggests the absence of these sugar moieties on interferon. Therefore, we suggest that human leukocyte interferon is not a glycoprotein.
Human fibroblast interferon is, by contrast, a glycoprotein. Our study suggests further that sialic acid, as well as L-fucose, is present on the molecule in an accessible form for binding by specific lectins, implying their terminal localization in the carbohydrate prosthetic group. Additional investigation, involving the use of neuraminidase and L-fucosidase, should add further evidence.
The structural implications of our observations for fibroblast and leukocyte interferon molecules are tentative, since the possible interrelationships of hydrophobicity, glycosylation, and tertiary structure are not understood at present. The substantial difference in capacity for hydrophobic interactions must of course be due to the availability of hydrophobic side chains of amino acid residues, proximal to the surface of the interferon molecule. Apparently, they are present and accessible on the human fibroblast interferon molecule. In contrast, they are not accessible on human leukocyte interferon. The underlying assumption of such an interpretation is a significant difference in the primary structure of both interferons. An alternative interpretation would assume the identity, or at least high homology, of primary structures of both interferon molecules and ascribe the differential behavior of these interferons in hydrophobic interactions to a modifying influence of post-translational modifications on tertiary structure of the interferon molecule.
Such an interpretation would require that glycosylation of fibroblast interferon results in modification of its conformation, leading to a relatively greater exposure of hydrophobic side chains to the solvent. Further insight into the molecular structure of interferon will provide a choice between these two alternatives.
